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AERONAUTICS

LEADING-EDGECONTOURSFORTHINSWEPTWINGS:

ANANALYSISOFLOW-ANDHIGH-SPEEDDATA

By WillismT.Evans

suMMARY

Importantaspectsof currentdataon thinsweptwingswith“bulbous”
leading-edgecontours(clefinedherein)arereviewedandanslyzed.

It isfoundthatoutboardconcentrationof a bulbouscontourwill
generallyyieldmostorallofthecharacteristiclow-speedbenefit
attainablefromtheuseof sucha contour.In a wingwithappreciable
taper,suchoutboardconcentrationmaynotresultinanysignificant
wave-dragpenalty.

●

Despitethelimitednatureof thehigh-speeddatareviewed,it is
4 suggestedthata conibinationofappropriatespanwisevariationofleading-

edgecontourwithfavorable-interferencedesignmightnotyieldany
wave-dragpenaltyduetobulbousness,at leastat thedesignspeed.

INTRODUCTION

Certainaerodynamiccharacteristicsofthinsweptwingsareoften
criticallydependentonleading-edgecontour.Thisisparticularlytrue
at thetwoextremesofflightspeed,theverylowandtheveryhigh.

At lowspeeds,theproblemis oneofmaintainingattachedflow
aroundtheleadingedgetohighliftcoefficients.Theproblemarises
notonlyforsimplewings,butforanyhigh-liftconfigurationswhere
leading-edgeflowseparationlimitstheliftor stabilityotherwise
attainable.Suchleading-edgeflowseparationmay,forexample,limit
theeffectivenessofboundary-layercontrolappliedtoflaps.

m
Withinthelimitationsof giventhicknessratioandcamber,thetype

ofleading-edgecontourknownto yieldimprovedflowcontrol,as comp~ed
● withthatattainablefromconventionalcontours[suchas thoseof theNACA
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six-seriesandfour-digitseriesairfoilsections),consistsofa
relativelylargeleading-edgeradiuscombinedwithsmooth.continuityof
curvatureontheuppersurface.Sucha contourwillresultina general
thickeningoftheforwardportionoftheairfoil.Forconvenience(and
ina purelyrelativesense),thistypeof contourwillbe termed“bulbous.!’

●

�

Whilethebulbousleadingedgeaffords‘Zpowerfulgeometricsolution . _
tothelow-speedproblem(withinthelimitationsmentioned),itisthe
sourceofthehigh-speedproblem:at speedsforwhichtheleadingedge
is “supersonic”(sweepoftheMachconeexceedingtheleading-edgesweep),
a seriouswave-dragpenaltyislikely.

Twodesignprinciplesappesraslikelymeansofretainingmostor
allofthelow-speedbenefitofa bulbousleadingedge,whileminimizing

z

theexpectationofa wave-dragpenslty.First,thebulbouscontourcan
be concentratedintheoutboardregionofthesweptwing,whereinitial
low-speedflowseparationnormallyoccurs,butwhere(ifthewinghas
appreciabletaper)onlya smallpartofthetotalwingvolumeislocated.
Second,thefamiliararearulecanbe applied,aswellasotherfavorable-
fnterferencetheories,andshouldresultinsubstantialwave-drag —

reductions,perhapsovershadowinganypenaltyduetothebulbouscontour.

Thepurposeofthisreportistoreview.qndanalyzeimportantaspects
of currentdataonthinsweptwingswithbulbousleadingedges.Material
relevanttoboththeabovedesignprinciplesis included.Becausethe. .___ ● _
dataarefarfromcomprehensive,areasoffutureresearcharesuggested.

b

NOTATION

wingsemispan

chordofwingsectionlyingnormaltoitsownquarter-chordline

drag

drag

C3rag

rise

rise

lift

coefficient

coefficientat zerolift

coefficientnearzerolift __

of %0 abovesubsoniclevel —

‘f ~(o) abovesubsoniclevel
9

coefficient

maximumliftcoefficient

&~~~
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% pitching-momentcoefficient.

M Machnumber

R Reynoldsnunber

a angleof attack,deg

n fractionofwing semispan

REVIEWANDDISCUSSIONCIFEXISTINGDATA
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Forconvenientreference,thematerialreviewedhereinis smmarized
intableI. Thematerial.wasobtainedfromreferences1 to 9, andfrom
tableII andtheAppendixof thisreport.

Whereverleading-edgecontourssreillustrated,theyapplytowing
sectionslyingnormslto theirownquarter-chordline.

Whileforoptimumcomparisonofbulbous
andconventionalcontoursthereshouldbe no
differencein caniberbetweenthem,a small

● differencedoesexistforsomeofthecompari-
sonsherein.Suchcsaiberislikelytobe
introduced,forsimplicityof construction,J
whena bulbouscontourisdesignedas a modi-
ficationto someexistingwing,as indicated
insketch(a).

Sketch(a)
PresentedintheAppendixme some

previouslyunpublisheddata,w?nichsredrawnuponinthemaintextand
figures.

DataatLowSpeeds

Wingswithconstantleading-edgecontour.-Typical
sentedinfigure1 forwingsof twoplanforms.Polars
as themostsensitiveindicationfromlongitudinaldata
severityofflowseparationwithincreasinglift.

polsrsarepre-
wereselected
oftheonsetand

. Themarkedsuperiorityofthebulbous-contourwings,as againstthe
conventional-contourwings,is inrnediatelyevident.Sincethisisentirely
tobe expectedonthebasisoftwo-dimensionaldata(refs.3 and10),it

. willnotbe discussedindetailhere. Fora quantitativediscussion,see
reference3.
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Wingswithspanwisevariationofleading-edgecontour.-As notedin
theIntroduction,it shouldbe possibleto concentratethebulbousleading- ‘
edgecontourofa thinsweptwingintheoutboardregion,andstillreal-
izemostorallofthelow-speedbenefitattainablefromfull-spanuseof
thecontour.Toverifythis,a briefwind-tunnelinvestigationwasunder-
takenwiththewingofplanformB. Beginningwitha constant,bulbous
leading-edgesectioninthewing(thesymmetricalsectionillustratedin
fig.1),theinboardforwsrdregionofthewingwasprogressivelythinned
intwostages,designated“cuts1“ and“2,”respectively.Thethinning
didnotreducethemaximum-thicknessratioofanysection.To investi-
gateextremeinboardthinning,a shsrpleading-edgefairingatthebody
juncturewasalsotested,in conjunctionwithcut1. — —.—

Comparativepolarsarepresentedinfigure2,aswellas sketches
illustratingtheextentanddegreeofthecuts,andtheresultingspan-
wisevariationsofleading-edgeradius.Thedatacurvesindicateno
adverseeffectof cut1, andonlya slightdeleteriouseffectof Cut 2. . _
Further,whilethesharpleading-edgefairi~atthebodyjuncture
causeda moreseriousdeteriorationofthecharacteristics,thewingwith
thefairingwasstilldefinitelysuperiortothetingwitha constant,

—

conventionalcontour.

Theeffectof a moredrastic,full-spanvariationof contouxin the
samewingis showninfigure3. Thecharacteristicsme seentobe
inferiortothoseofthepart-spancutcontours,butsuperiwtothose ●

oftheconventional.contourwing. Thisisconsistentwiththetrendof
thedatainthinningthewingfromcut1 to.cut2, andservesto Illustrate
theneedforan adequatelybulbouscontourovera sufficientlyextensive t
outbowdregionofthewing.

High-liftConfigurationswithspanwisevariationofleading-edge
contour.-Presentedinfigure sretheeffectsondragandpitching
momentof a part-spanbulbousleadingedgeonan sirplanemodelwith
leading-andtrailing-edgeflaps,whichweredeflectedasindicated.

—

Area-suctionboundary-layercontrolwasappliedtothekneesofbothflaps,
exceptforthefsrthestinboardsegment-oftheleading-edgeflap. The
effectofthebulbouscontouris striking:notonlywastherea large
incrementin %jbutsubstantially attachedflowtonear Cb may
be itierredfromthecurves.Fressuredistributionsshowedthatthe
esrlierstalloftheconventional-contourwingwasclearlydueto
leading-edgeflowseparation.

Infigure5 Isshowntheeffecton C oftheoutboardextent
ofthebulbouscontouroffigure4. (The* arefora flapconfigura- ,
tionthesameas thatoffigure4,exceptforthepointcorrespondingto ●

a full-sparebulbousleadingedge: forthatpointonly,thebreakbetween
the30°and50°segmentsoftheleading-edgeflapwasfartheroutboar&by
0.1b/2.) Thefigureclearlyshowstheprimaryneedforthebulbo~ ●

contourintheoutboardregionofthewing,despitethehighinboerd
—.

loading.
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Manyflapandbulbous-contourconfigurationsofthismciielwere
. tested.Theflapconfigurationillustratedwasoneofthemosteffective.

It seemsquitesignificantthata configurationsuchasthis,conibining
highinboardloading,lsrgedeflectionofthelesdingedgeoutboard,and
protectionof theflaphingelinesby srttiicialmeans,stilllefta
leading-edgeflowseparationproblem,andthattheproblemwassomarkedly
aJI1.eviatedby a simplecontourchangeto theoutboardleadingedge.

It is concludedthat,formanyapplications,outboardconcentration
ofa bulbousleading-edgecontourwillindeedyieldmostorallofthe
low-speedbenefitattainablefromtheuseofsucha contour.

DataatHighSpeeds

Wingswithconstantleading-edgecontour.-Theeffectofbulbous
leadingedgeson thezero-liftwavedragofthinsweptwingsisindicated
by thedataoffigure6. Whilethedataarefromseveralsources,and
wereobtainedby various techniques,comparativecurve’sforeachplan
formwereobtainedinidenticalways,andthereforeconstitutea valid
indicationof theeffectofbulbousleadingedges.Foreachplanform,
theMachnumberfora sonicleadingedge,thatis,theMachnumberfor
whichthecomponentoffree-streamvelocitynormalto theleadingedge
issonic,is indicated.(Thesectionsof eachofthewingsofplanform. werenotactuallyconstant,butvariedfromstreamwiseNACA0003-X3sec-
tionsat therootto stresnndseNACA0006-x3 sectionsnearthetip;

E

however,thetingsareconsideredheresincerelativecontourdifferencesd
smongthewingswerethesameatanyspanstation.)

Thedatashowlittleeffectofbulbouscontourson zero-liftdrag
at speedswellbelowsonic-leading-edgespeed.As thesweepoftheMach
coneexceedsthatoftheleadingedge,however,a seriouswave-drag
penaltyisindicated.

Wingswithspanwisevariationofleading-edgecontour.-Zero-lift
dragdataforwingsofplanformB withfull-spancontourvariationare
giveninfigure7. Dataforbothplaneandconicallycaniberedwingsare
shown.Thebulbous-contourvariationwaseffectivelythesameas that
forwhichlow-speeddatawerepresentedinfigure3.

At allMachnumbers,thedatashowonlysmalldifferencesindrag
levelsbetweencorrespondingbulbousandconventionalwings,althoughthe
formerhadthegenerallyhigherlevels.M particularinterestisthe
factthat,in contrastwiththeconstant-contourwings,dragdifferences

s wereno greaterabovethanbelowtheMachnuniberfora sonicleadingedge.

●
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Unfortunately,there
sweptwingswithspanwise
theabsenceofsuchdata,
variationjustmentioned,

Mlii NACARMA57Bll
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appeartobe no otherhigh-speeddataonthin
variationofbulbousleading-edgecontour.In L–
a geometriccomparisonof
withthemm?eappropriate

speeddatahavebeenpresented,ismadeinthenext
comparison,a generalizedconclusionistentatively

thefull-spancontour
designsforwhichlow-
section;fromthat
drawn.

GutboardBulbousContours:ImplicationsoftheData

C!ompsredinfigure8 arethedistributionsofleading-edgeradius
forallthevariable-contourwingsreviewedherein.Notonlytheradii,
buttheincreasesofradiusovertheconventionalvaluesareshown.From
thiscomparison,fromover-allcontourconsiderations,andfromforegoing
dragdata,thefollowingqualitativeconclusionssreinferred:~

1. Forthecut-contourwings,a moresignificantwave-dragpenalty
islikelythanthatindicatedinfigure7 forthefull-spanvmiable-
contourwings.Thepenaltyshouldbe farless,however,thanthatindi-
catedinfigure6 fortheconstant-buJbous-contourwings.!133equestion
isopenastowhetherthepensltywouldbe @eaterabove,thanbelow,
sonic-leading-edgespeed.NotethatallthesewingsareofplanformB.

2. Forthehigh-liftconfiguration(i.e.,wingofplanformC,with
flapsretracted)thepat-spanbulbouscontourmightwellresultInno
wave-dragpenalty,atleastatMachnumbersup toabout2. Thisseems
especiallyprobableinviewoftheveryshortchordwiseextentofthe
bulbouscontour(fig.4). Further,theconsiderabledegreeoftaperin
thiswingshouldalsotendtominimizeanyeffect,sinceitplacesonly
a smallportionofthetotsJwingvolumeintheregionofthebulbous
centour.

Thesequalitativeconclusionsforspecificdesignsleadto the
followinggeneralization:ina thinsweptwingwithappreciabletaper,
outboardconcentrationofa bulbouscontour,sufficientin spanwise
extentto givemostorallofthelow-speedbenefitattainablefromIts
use,maynotresultinanysignificantwave-dragpenaltyevenatfairly
highsupersonic-leading-edgespeeds.

lItis importanttorecognizethatthegeometricbasisofthese
inferencesisnotleading-edgeradiusalone,butover-allbulbousgeometry.
Whilefigure8 affordsa convenient~aphlccomparison,it shouldnotbe
regsrdedasen adequatebasis,of itself,fordrawingtheinferences.It
isfeltthattheleading-edgeraQiusis_arelativelycrgdeparmneter,
dependingas itdoeson “thesecondderivati~eof thecontour”andapplying
inthelastanalysisto oneandonlyonepoint.However,forthisreport,
theleading-edgeradiusisregardedashavingsemiquentitativesignifi-
cancebeyondtheleadingedgeitself,inviewofthesmoothcontinuityof

—

—

—

n

b

—

n—

*

curvaturecharacterizingallcontours.
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Furtherresearchenablinga moredefinitiveconclusionisneeded.
4 Thesep~ateeffectsof suchvariablesas extentofbulbouscontour,

leading-edgesweep,taperratio,andaspectratiocallforinvestigation.

Area-RuleConsiderationsandData

ThebulbousS& conventionalwingsofplanformB forwhichtran-
sonicdatawerepresentedinfigure6 werealsotestedtiththebasic
Sears-Haackbodyindentedfortherespectivewings. The effectofthese
indentationson zero-liftdragis showninfigure9,frcmwhichit can
be seenthatthe&ragreductionsdueto theindentationswerefsrgreater
thanthedifferencesindragbetweenanytwocorrespondingbulbous-and
conventional-wingmodels.Thisisbroughtoutfurtherby thebsrgraph
offigure10,whichisa comparisonofexpertientalandtheoreticaldrag-
risecoefficients.Agreementbetweentheory(ref.11)andexperimentis
seentobe good.

Itmaybe concludedthatat speedswellbelowsonic-leading-edge
speed,(1)area-ruleadjustmentsappesrtobe equsllyeffectiveforcon-
figurationswithwingsofeitherbtiousor conventionalleading-edge
contour;snd(2)wavedragcanbe calculatedwithequal.accuracyfor
bothcases.2

.
Thereareno dataontheeffectivenessofmea-distributionadjust-

mentsfortingswithsonicor supersonicleadingedgesofbulbouscontour.. Someeffectivenesswouldcertainlybe expected,butthequestionofhow
muchawaitstheresultsoffutureresearch.However,thegenerallygood
reliabilitywithwhichwavedraghasbeencalculatedfora limitednumber
ofunindented-bodyconfigurationswithrounded,sonicor supersoniclead-
ingedges(refs.12 and13)suggeststhattheeffectof area-ruleadjust-
mentsshouldbe calculablewithat leastsemiquzmtitativeaccuracy.Of
interestsznongthecomputationsthathavebeenmadesretheonlyones
bow-n fora bulbouswing,namelythes~6@tlyc~beredwingofPl~ formB
(ref.12). At a Machnumiberof1.5,justabovesonic-leading-edgespeed,
agreementwithexperimentwasexcellent.At theonlyhigherMachnumber
forwhichthecomputationwasperformed,1.9,Weement ~th exper~ent
waspoor. Unfortunately,theinterpretationoftheseisolatedresultsis
complicatedby atleastthreefactors:(1)thelimitationsofthecom-
putationalmethod,andof itstheoreticalbasis,as appliedtorounded
supersonicleadingedges(discussedinboththereferencescited);(2)the
presenceof csmiberinthebulbouswing(discussedinref.12);and(3)the
possibilitythattheexperimentaldataat M = 1.9 maybe lessreliable

. thanat M = 1.5(discussedinref.13).
2Assuggestedinreference3,it shouldbe possibletomakesrea-

distributionad@stmentsonthewingitselfsftofmsximumthickness
● withoutdetrimentto thelow-speedcharacteristics.
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Despitethelimitednatureofthehigh-speeddatareviewed,the
generalconclusionissuggestedthata combinationofappropriatespan- b
wisevariationofleading-edgecontourwithfavorable-interferencedesign
mightnotyieldanywave-dragpenaltyduetobulbousness,at leastat the
designspeed.

CONCLUSIONS

Importsntaspectsofcurrentdataonthiusweptwingswithbulbous
leading-edgecontours(i.e.,withrelativelylargeleading-edgeradiiand
smoothcontinuityof curvatureontheuppersiirfaces)havebeenreviewed.
Thefollowingconclusionsareindicated: .,,

1. Withinthelimitationsofgiventhicknessratioandcamber,the
bulboustypeofleading-edgecontoursffords_apowerfulgeometricmeans
ofmaintainingattachedflowaroundtheleadingedgeofa thinsweptwing
atlowspeeds.

2. Formanyapplications,outboardconcentrationofa bulbouscon-
tourwillyieldmostorallofthelow-speedbenefitattainablefromthe
useof sucha contour.

3* Wavedragat zeroliftdoesnotappesrtobe sensitivetoleading- .
edgecontourat speedsweld.belowsonic-lesding-edgespeed.

4. At higherspeeds,a fW-sPan, constant}b~bo~ contom‘s .
lfielytoresultina seriouswave-dragpenalty.

—

3. Outbosrdconcentrationofa bulbouscontour,ina wingwith
appreciabletapersmay not res~t in SW s&?@ficant ~ve-~ag pen~ty”
Furtherresearchontheseparateeffectsof suchvariablesasextentof
bulbouscontour,leading-edgesweep,taperratio,andaspectratio,is

—

requiredto establisha moredefinitiveconclusion.
.

6. Area-ruleadjustments,fordesignMachnumberswellbelowthat
fora sonicleadingedge,appesrtobeequallyeffectiveforeitherbulbous
orconventionalleading-edgecontours.

—
Wave-dragcalculationsforthese ~

Machnumbersappeertobe equallyreliable.

7. Thegenerallygoodreliabilitywithwhichwavedraghasbeen
calculatedfora limitednumberofunindented-bodyconfigurationswith
roundedsonicor supersonicleadingedgessuggeststhattheeffectof
=ea-ruleadjustmentsforsuchleadingedges.dbulbouscontourshould
be calculablewithatleastsemiquemtitativeaccuracy.

..

●
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8. Despitethelimitednatureofthehigh-speeddatareviewed,it
A iss~ested thata cotiinationofappropriatespanwisevariationof

leading-edgecontourwithfavorable-interferencedesignmightnotyield
anywave-dragpenaltyduetobulbousness,atleastat thedesignspeed.

AmesAeronauticalLaboratory
NationalAdvisoryCo?mnitteeforAeronautics

MoffettField,Cal-if.,Feb.I-1.,19X’
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APPENDIX

PREVIOUSLYUNPUBLISHEDDATA

Presentedinfigure11 arethe
ofthewinsofDlanformB withthe

FORTHEWING@ PLANFORMB

low-speedlongitudinalcharacteristics
inboardcontoursthathavebeendesig-

nated
These
which

“cut;1“‘&d“2.11Infigure12,theeffectof splitflapsis shown.
datamaybe consideredas supplementingthedataofreference4,to
thereaderisdirectedfordetailsofthemodelandtestconditions.

ContourDetails

Theoutboardcontourwasdesignated“modification4“inreference4.
Theinboardcontourforeachcutwasobtainedby usingstraight-line
elementsalongconstant-percent-chordlinesfromtheoutboardextreyd.ty
ofthecutto an imagineu?yNACA64AO06sectionsoplacedintheextended
wingpanelastoresultinthedesiredvalueofleading-edgeradiusat
thewing-bodyJmcture. Theoutbosrdextremitiesofthecuts,at the
leadingedge,wereat 55-and60-percentsefispan,respectively.The
spanwisevariationsofleading-edgeradius,andrepresentativesection
contours,havealreadybeenpresentedinfigure2.

Thesharpleading-edgefairingatthebodyjuncture,testedin
conjunctionwithcut1, consistedofsheetmetalwrappedaroundwooden
ribsontheleadingedge. Itwassharponlyatthebodyjunctureitself,
andincreasedinroundnessas itprogressedoutboard,finallyfairing
intothewingat the20-percent-semlspanstation(approximately5-percent
semispanfromthebody).

.-

L

.

.

.
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Plan-fOrm Mdel Leetiing-edgelMg-
desigue-sketchm contourvs. me Datapresented M R%lo-e Suurce6
tion Epen

.b

Constent 1 w-speedpolsrs C().2 9 Ref. 1

A

&

Conetent ~ ‘b(o)> fxo(o) o.8-2.1 3-13 Ref.2
vs.M

Constent 1 W-speedpolers o.1~ 10

+ ‘

Verieble 2
Refs.3,4

Law-speedpolers 0.13 10 :P:yfia
Variable 3 Low-speedpol.ers o.13 10 APpendix-

ref.4
constant 6 hot %)0 vs.~ 0.6-1.9 2.9,6.9 RefE.3,5

B Vsrieble 7 ~. vs.M 0.6-0.9,2.9 W. 6
1.2-1.9

constant 9 CD.vs.M 0.8-1.2 6.9 Ref. 5

constant lo tie’theomvs. ~-a 6“91 05, Ref.5
_fment .

1.

4

Ver~able 4 Low-speeddragend O.11 10 Teble~ and
pitchingmanent Ref.7

c

Variable 5 & ve.&ent O.1.1 10 TableII
oflnilbouseontcmr

D

A

Constent 6 ho VS.M 0.6-1.12.2-2.8Ref.8

E

h

“constant”6 %(.)~s”M 0.8-1.95 7-29 Ref.9
(seep.5)

P

.
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TABLE II.- DATAFORTHEWING@ HAN FORMC!
[Fordetailsofthemodelandwind-tunneltestconditions,seereference7. =
Area-suctionflowquantitieswerewellabovecritical.Dihedral.ofthe
horizontaltailwas-150.]

I (a)Coordinatesofthebulbouscontour,inpercentofthe
chordnormalto theleadingedgel I

Inationt=3z5E-
i 1

0 -0.61 -0.61
.05 -.30 -.91
.10 -.18 -1.03
.26 .07 -I. 25
.51 ●35 -1.46
●77

I

.54 I -1.57
1.28 .82 -I.69

Station
m

L2.05 1.08
2.55– 1.23
3.06 ““ 1.35
3.57 1.45
4.09 1.52
4.60 1.60
5.10 1.67

-1.75
-1.75
-1.74
-1.71
-1.70
-I.69
-1.67

I Leading-edgeradius:0.90
1

%!hecontourwassimilarto thesmaller“modifiedleadingedge”
ofreference7,butwasmorecarefullycontouredfromwood,
ratherthanconsistingof sheetmetalwrappedaroundwooden
ribs. Coordinatesaregivennormalto theleadingedge,
ratherthanas illustratedherein,tobe consistentwiththe
presentationinreference7.

.
—

.
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TABLEII.- DATAFORTHEWINGW’PLANFORMC - Concluded

(b)Longitudinaldata

Outbosrdextentof
bulbouscontour:0.3b/2

Outbosrdextentof
bulbouscontour:O

a,
deg

k.63
8.79
12.93
15.00
17.03
19.00
19,99
20.98
23.00
25.03
27.06

CL

O.ea
1.012
1.2(%
I.298
1.397
1.497
1.527
1●547
I..396
1.430
1.405

a,
deg

4.63
8.79

12.93
15.00
17● 07
19.15
20.17
=.18
23.07
25.10
27.08

% %

0.2U.
.250
.25+5
.325
.371
.kso
.450
.4&)
.562
.636
.736

%

0.803
1.014
1.203
1.301
1.345
1.294
1.284
1.269
1.295
1.343
1.379

-0.104
-.136
-.164
-la
-.172
-.SL9
-.109
-.Id.8
-.130
-.133
-.184

O.z?lo
.250
.297
.326
.358
● 399
.417
.445
.532
.632
.728

-0.105
-.138
-.171
-ml
-.197
-.2(X
-.204
-.183
-.145
“. 151
-.183

Outboardextentof
bulbouscontour:0.4b/2

Outbosrdextentof
bulbouscontour:0.6b/2

-.098
“.135
-.161
-.175
-.196
-.209
-.224
-.227
-.205
-.169
-.157
-.201
-.202

. eok
1.004
1.196
1.305
1.396
1.512
I. 607
1.637
1.632
1,618
1.535
1.441
1.461

-.103
-.134
-.163
-.180
-.196
-.218
-.222
-.222
-.195
-.190
-.166
-.168
-.177

4.64
8.78
12.93
15●00
17.07
19.16
2L23
22.26
23.22
24.20
25.18
26.15
29.17

.812
1.004
L 205
1.301
1.400
1.508
1.615
1.645
1.602
1.565
1.535
1.506
1.524

*

.

4.63
8.78
12.92
15.00
17.15
19.16
2L23
22.25
23.25
24.24
25.17
q.lo
2g.12

.212

.250

.297

.327

.363

.402

.448

.b78

.514

.546

.601

.7U

.826

.212

.249

.294

.324

.358

.401

.450

.W

.512

.551

.607

.715

.794

Outboardextentofbulbouscontour:
0.79 b/2 (exposedwingspan)

.814
1.018
1.206
1.305
1.402
1.504
1.618

4.64
8.79

12.93
15.00
17.08
19.15
=.24

.214

.250

:F4
.357
.398
.447

-.100
-.137
-.168
-.182
-.lg7
-.215
-.230

22.27
23.25
24.24

1.656
1.641
1.615

●475
.507
.525
●590
.682
.758

-.233
-.214
-.198
-.168
-.196
-.201

25.15
27.13
29.14

1.505
1.474
1.492

.

●

I
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